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SPECIFICATION 
TITLE OF THE INVENTION 
METHOD OF FABRICATING SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR DEVICE 
5 BACKGROUND OF THE INVENTION 

The present invention relates to a method of fabricating a semiconductor device 
and a semiconductor device fabricated by the fabrication method, and particularly to a 
method of fabricating a semiconductor device using nitride based compound 
semiconductors, which is capable of peeling an under growth layer together with a 
10 growth substrate and efficiently forming an electrode on the back surface of a first 
conductive type layer, and a semiconductor device fabricated by the fabrication 
method. 

A technique of peeling semiconductor growth layers stacked on a sapphire 
substrate from the sapphire substrate by etching has been known. The peeling 
1 5 technique using etching, however, has a problem associated with a slow etching rate 
and damage of a crystal plane by etching. 

In particular, since it is difficult to peel nitride based compound semiconductor 
growth layers from a sapphire substrate by wet etching, the nitride based compound 
semiconductor growth layers have been peeled from the sapphire substrate by dry 
20 etching such as reactive ion etching. In this case, however, since a corrosive gas is 
used for reactive ion etching, a crystal plane is generally damaged by the corrosive 
gas. 

To cope with such problems caused in peeling semiconductor growth layers 
from a growth substrate by etching, there has been developed a method of peeling 
25 semiconductor growth layers from a growth substrate by irradiating the semiconductor 
growth layers with laser beams traveling from the back side of the growth substrate, to 
cause abrasion at the interface between the semiconductor growth layers and the 
growth substrate, thereby peeling the semiconductor growth layers from the growth 
substrate. 

30 In the case of nitride based compound semiconductor growth layers, when the 

semiconductor growth layers stacked on a sapphire substrate are irradiated with laser 
beams traveling from the back side of the sapphire substrate, an undoped layer and a 
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buffer layer of the semiconductor growth layers absorb the laser beams, to cause 
abrasion, whereby the semiconductor growth layers are peeled, together with the 
undoped layer and the buffer layer, from the sapphire substrate. The undoped layer 
and buffer layer are then etched and an electrode is formed on the back surface of a 
5 semiconductor device portion of the peeled semiconductor growth layers. 

Such a peeling method using laser abrasion, however, has problems that since 
the undoped layer and the buffer layer on the back surface of the semiconductor 
growth layers peeled from the sapphire substrate have a polycrystalline or amorphous 
structure having a high resistance, it is not appropriate to form an electrode on the 

10 undoped layer and the buffer layer, and since the undoped layer and the buffer layer 
are etched* the fabrication efficiency is degraded. 

In the case of forming an electrode on the back surface of a semiconductor 
device portion of semiconductor growth layers, if the back surface of the 
semiconductor growth layers is etched, the number of steps of fabricating a 

15 semiconductor device is increased, to increase the fabrication cost of the 
semiconductor device, thereby increasing the fabrication cost of an image display unit 
using the semiconductor devices. 

For nitride based compound semiconductor growth layers, to form an electrode 
on the back surface of a device portion of the semiconductor growth layers, the back 

20 surface of the device portion cannot be etched by wet etching. Therefore, it is etched 
by dry etching such as reactive ion etching, with a result that an undoped layer and a 
buffer layer on which the electrode is to be formed are significantly damaged by a 
corrosive gas used for dry etching. 

SUMMARY OF THE INVENTION 

25 An object of the present invention is to provide a method of fabricating a 

semiconductor device, which is capable of peeling an under growth layer together with 
a growth substrate, and efficiently forming an electrode on the back surface of a first 
conductive type layer, and to provide a semiconductor device fabricated by the 
fabrication method. 

30 To achieve the above object, according to a first embodiment of the present 

invention, there is provided a method of fabricating a semiconductor device, including 
the steps of: forming an under growth layer on a substrate; forming an anti-growth film 
having a specific opening portion on the under growth layer; forming a first conductive 



type layer by selective growth from the opening portion, the first conductive type layer 
having band gap energy smaller than that of the under growth layer; stacking an active 
layer and a second conductive type layer on the first conductive type layer, to form a 
stacked structure; and peeling the stacked structure from the substrate and the under 
growth layer at an interface between the under growth layer and the first conductive 
type layer by irradiating the stacked structure with light rays traveling through the 
substrate. 

According to a second embodiment of the present invention, there is provided a 
semiconductor device including: an under growth layer formed on a substrate; an anti- 
growth film, having a specific opening portion, formed on the under growth layer; a 
first conductive type layer formed by selective growth from the opening portion, the 
first conductive type layer having band gap energy smaller than that of the under 
growth layer; and an active layer and a second conductive type layer stacked on the 
first conductive type layer, to form a stacked structure; wherein the stacked structure is 
peeled from the substrate and the under growth layer at an interface between the under 
growth layer and the first conductive type layer by irradiating the stacked structure 
with light rays traveling through the substrate. 

The method of fabricating a semiconductor device and the semiconductor 
device fabricated by the fabrication method according to the present invention have the 
following advantages: 

In general, semiconductor growth layers formed on a growth substrate are 
peeled from the growth substrate due to abrasion caused by irradiating the 
semiconductor growth layers with laser beams traveling from the back side of the 
growth substrate. With this laser abrasion, according to the above-described 
configuration of the first embodiment of the present invention, since the first 
conductive type layer of the stacked structure has band gap energy smaller than that of 
the under growth layer and laser beams emitted to the back side of the growth substrate 
for irradiation of the stacked structure have an energy value between the band gap 
energies of the under growth layer and the first conductive type layer, abrasion occurs 
at a first conductive type layer side interface between the under growth layer and the 
first conductive type layer. Accordingly, the stacked structure can be peeled at the 
interface between the under growth layer and the first conductive type layer. In other 
words, the under growth layer and a buffer layer can be simply peeled, together with 
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the growth substrate from the stacked structure. An electrode can be efficiently 
formed on the back surface of the first conductive type layer of the stacked structure 
thus simply peeled. As a result, it is possible to reduce the fabrication cost of a 
semiconductor device. 

5 At the time of peeling the stacked structure of the semiconductor growth layers 

from the growth substrate, the under growth layer and the buffer layer can be peeled 
from the stacked structure, the surface of the first conductive layer, on which an 
electrode is to be formed, can be treated not by dry etching such as reactive ion etching 
liable to cause large damage of crystal but by wet etching performed, for example, 
10 using acid with less damage of crystal. As a result, an electrode can be formed on the 
first conductive type layer, which has good crystallinity, with less damage of crystal. 

According to the present invention, in the case of peeling the stacked structure 
composed of the first conductive type layer, the active layer, and the second 
conductive type layer from the substrate due to abrasion caused by irradiating the 

1 5 stacked structure with laser beams traveling from the back side of the substrate, the 
stacked structure can be simultaneously peeled from the under growth layer and the 
buffer layer having a high resistance polycrystalline or amorphous structure, so that an 
electrode can be efficiently formed on the back surface of the first conductive type 
layer that has good crystallinity and thereby suitable for forming an electrode thereon. 

20 Since the electrode can be efficiently formed, the fabrication cost of a semiconductor 
device can be reduced, with a result that the fabrication cost of an image display unit 
on which the semiconductor devices are mounted can be reduced. 

Each of the stacked structures composed of the first conductive layer, the active 
layer, and the second conductive layer formed by selective growth is bonded to the 

25 growth substrate via the under growth layer; however, the stacked structures are 
separated from each other. As a result, when peeled from the growth substrate and the 
under growth layer, the stacked structures can be simultaneously isolated from each 
other. A number of the stacked structures, each containing a number of semiconductor 
devices, can be thus efficiently peeled from the growth substrate and the under growth 

30 layer and simultaneously isolated from each other. 

In the case of peeling the stacked structure composed of the first conductive 
type layer, the active layer, and the second conductive type layer due to abrasion 
caused by laser irradiation, it is possible to peel a desired device portion of the stacked 




structure from the growth substrate and the under growth layer by selectively 
irradiating the desired device portion with laser beams or forming a mask for 
selectively collecting or shielding the laser beams. 

The growth substrate and the under growth layer, from which the stacked 
5 structure has been peeled, can be reused by etching the surfaces thereof with acid. In 
the case of fabricating a semiconductor device using nitride based compound 
semiconductors having a large lattice mismatching with a growth substrate, it takes a 
large cost to fabricate the growth substrate provided with the under growth layer on 
which semiconductor growth layers are to be formed. In this regard, by reusing the 
10 growth substrate and the under growth layer, it is possible to reduce the fabrication 
cost. 

Unlike a related art semiconductor device in which only a growth substrate is 
peeled or a middle portion of a under growth layer is peeled, according to the 
semiconductor device of the present invention, since the under growth layer is peeled 

15 together with the growth substrate, it is possible to reduce the size of the 
semiconductor device as compared with the related art semiconductor device. In the 
case of mounting the devices of the present invention, if each of the devices is covered 
with a resin for easy handling, since the electrode is formed on the back surface of the 
device, it is possible to carry out various forms of wiring to the device. 

20 Additional features and advantages of the present invention are described in, 

and will be apparent from, the following Detailed Description of the Invention and the 
Figures. 

BRIEF DESCRIPTION OF THE FIGURES 
FIGS. 1A and IB are a sectional view and a perspective view, respectively, 
25 showing the step of forming an under growth layer in a method of fabricating a 
semiconductor device according to a first embodiment of the present invention. 

FIGS. 2 A and 2B are a sectional view and a perspective view, respectively, 
showing the step of forming an anti-growth film in the method of fabricating a 
semiconductor device according to the first embodiment of the present invention. 
30 FIGS. 3 A and 3B are a sectional view and a perspective view, respectively, 

showing the step of forming an opening portion in the method of fabricating a 
semiconductor device according to the first embodiment of the present invention. 
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FIGS. 4 A and 4B are a sectional view and a perspective view, respectively, 
showing the step of forming a first conductive type layer in the method of fabricating a 
semiconductor device according to the first embodiment of the present invention. 

FIGS. 5 A and 5B are a sectional view and a perspective view, respectively, 
5 showing the step of forming an active layer and a second conductive type layer in the 
method of fabricating a semiconductor device according to the first embodiment of the 
present invention. 

FIGS. 6A and 6B are a sectional view and a perspective view, respectively, 
showing the step of forming a p-side electrode in the method of fabricating a 
10 semiconductor device according to the first embodiment of the present invention. 

FIGS. 7 A and 7B are a sectional view and a perspective view, respectively, 
showing the step of peeling the growth substrate and the under growth layer in the 
method of fabricating a semiconductor device according to the first embodiment of the 
present invention. 

15 FIGS. 8A and 8B are a sectional view and a perspective view, respectively, 

showing the step of forming an n-side electrode in the method of fabricating a 
semiconductor device according to the first embodiment of the present invention. 

FIGS. 9 A and 9B are a sectional view and a perspective view, respectively, 
showing the step of forming an under growth layer and an anti-growth layer in a 

20 method of fabricating a semiconductor device according to a second embodiment of 
the present invention. 

FIGS. 10A and 1 OB are a sectional view and a perspective view, respectively, 
showing the step of forming an opening portion in the method of fabricating a 
semiconductor device according to the second embodiment of the present invention. 

25 FIGS. 1 1A and 1 IB are a sectional view and a perspective view, respectively, 

showing the step of forming a first conductive type layer in the method of fabricating a 
semiconductor device according to the second embodiment of the present invention. 

FIGS. 12A and 12B are a sectional view and a perspective view, respectively, 
showing the step of forming an active layer and a second conductive type layer in the 

30 method of fabricating a semiconductor device according to the second embodiment of 
the present invention. 
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FIGS. 13A and 13B are a sectional view and a perspective view, respectively, 
showing the step of forming a p-side electrode in the method of fabricating a 
semiconductor device according to the second embodiment of the present invention. 

FIGS. 14A and 14B are a sectional view and a perspective view, respectively, 
5 showing the step of peeling the growth substrate and the under growth layer in the 
method of fabricating a semiconductor device according to the second embodiment of 
the present invention. 

FIGS. 15A and 15B are a sectional view and a perspective view, respectively, 
showing the step of forming an n-side electrode in the method of fabricating a 
1 0 semiconductor device according to the second embodiment of the present invention. 

FIGS. 16A and 16B are a perspective view and a bottom view, respectively, 
showing the step of peeling part of a stacked structure, which is composed of the first 
conductive layer, the active layer, and the second conductive type layer formed by the 
fabrication method according to the second embodiment, from the growth substrate 
1 5 and the under growth layer. 

DETAILED DESCRIPTION OF THE INVENTION 
First Embodiment 

A first embodiment will be described with reference to FIGS. 1 A to 8B. In this 
embodiment, the present invention is applied to a method of fabricating a 

20 semiconductor light emitting device of a hexagonal pyramid shape having an 
approximately triangular cross-section by selective crystal growth. 

FIGS. 1A and IB are a sectional view and a perspective view, respectively, 
showing a step of forming an under growth layer in the fabrication method according 
to the first embodiment. 

25 An under growth layer 12 is formed on a growth substrate 11. Any substrate 

may be used as the growth substrate 1 1 insofar as a wurtzite type compound 
semiconductor layer is formable thereon. For example, a sapphire substrate with a C- 
plane of sapphire taken as a principal plane of the substrate, which has been often 
adopted for growth of gallium nitride (GaN) based compound semiconductors, may be 

30 used as the growth substrate 11. It is to be noted that the C-plane of sapphire taken as 
a principal plane of the substrate is not limited to a strict C-plane but may be tilted 
therefrom in a range of 5°to 6°. In particular, according to the first embodiment, since 
stacked structures formed on the growth substrate 1 1 via the under growth layer 12 are 
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to be irradiated with laser beams traveling from the back side of the growth substrate 

1 1 at the time of peeling the growth substrate 1 1 and the under growth layer 12 from 
the stacked structures in the subsequent step, the growth substrate 11 is preferably 
configured as a light permeable substrate such as a sapphire substrate. 

5 The under growth layer 12 formed on the principal plane of the growth 

substrate 1 1 may be made from a wurtzite type compound semiconductor. This is 
because a wurtzite type compound semiconductor layer having a hexagonal pyramid 
structure is to be formed on the under growth layer 12 in the subsequent step. For 
example, the under growth layer 12 may be made from a group III based compound 

10 semiconductor; specifically, a gallium nitride (GaN) based compound semiconductor, 
aluminum nitride (A1N) based compound semiconductor, indium nitride (InN) based 
compound semiconductor, indium gallium nitride (InGaN) based compound 
semiconductor, or aluminum gallium nitride (AlGaN) based compound semiconductor. 
The under growth layer 12 may be grown by any known vapor phase growth 

1 5 process; for example, metal organic chemical vapor deposition (MOCVD) (which is 
also called a metal organic vapor phase epitaxial growth (MOVPE) process), a 
molecular beam epitaxial growth (MBE) process, or a hydride vapor phase epitaxial 
growth (HVPE) process. In particular, the MOVPE process is advantageous in 
growing the under growth layer with good crystallinity at a high processing rate. 

20 While not shown in FIGS. 1A and IB, a specific buffer layer may be formed on the 
bottom side of the under growth layer 12. 

An impurity such as silicon is generally doped in the entire under growth layer 

12 because the under growth layer 12 functions as a conductive layer on which an n- 
side electrode is to be formed. According to the first embodiment, however, it is not 

25 required to dope any impurity in the under growth layer 12. The reason for this is that, 
as will be described later, at the time of peeling the growth substrate 1 1 from stacked 
structures by abrasion caused by irradiating the stacked structures with laser beams 
traveling from the back side of the growth substrate 1 1, the under growth layer 12 is to 
be peeled together with the growth substrate 11. That is to say, it is not required to 

30 dope any impurity in the under growth layer 12 to be peeled together with the growth 
substrate 1 1 . 
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FIGS. 2 A and 2B are a sectional view and a perspective view, respectively, 
showing the step of forming an anti-growth film in the fabrication method according to 
the first embodiment. 

An anti-growth film 13 made from silicon oxide or silicon nitride is formed as 
5 a mask layer on the overall surface of the under growth layer 12 by a sputtering 
process or the like. 

FIGS. 3 A and 3B are a sectional view and a perspective view, respectively, 
showing the step of forming opening portions in the fabrication method according to 
the first embodiment. 

10 Opening portions 13a are formed in the anti -growth film 13 functioning as the 

mask layer. In general, the shape of each opening portion 13a used for selective 
growth is not particularly limited insofar as a facet structure having a tilt plane tilted 
from the principal plane of the growth substrate 1 1 can be formed by selective growth 
from the opening portion 13a. For example, the opening portion 13a may be formed 

1 5 into a stripe shape, a rectangular shape, a circular shape, an elliptic shape, a triangular 
shape, or a polygonal shape such as a hexagonal shape. The surface of the under 
growth layer 12, located under the anti-growth film 13, is exposed from the opening 
portions 13a. According to the first embodiment, since a stacked structure composed 
of a first conductive layer, an active layer, and a second conductive type layer is to be 

20 formed into a hexagonal pyramid shape having an approximately triangular cross- 
section by selective growth from the opening portion 13a, the opening portion 13a may 
be formed into a circular shape or a hexagonal shape. The opening portion 13a shown 
in FIGS. 3 A and 3B is formed into a circular shape. 

FIGS. 4A and 4B are a sectional view and a perspective view, respectively, 

25 showing the step of forming a first conductive type layer in the fabrication method 
according to the first embodiment. 

A first conductive type layer 1 4 is formed by selective growth from each of the 
opening portions 13a having the circular shape. Like the under growth layer 12, the 
first conductive type layer 1 4 is made from a wurtzite type compound semiconductor 

30 such as GaN doped with silicon. The first conductive type layer 14 functions as an n- 
type cladding layer. If a sapphire substrate with the C-plane of sapphire taken as a 
principal plane of the substrate is used as the growth substrate 1 1, the first conductive 
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type layer 14 is formed into a hexagonal pyramid shape having an approximately 
triangular cross-section by selective growth as shown in FIG. 4B. 

According to the first embodiment, band gap energy of a semiconductor 
material forming the first conductive type layer 14 is required to be smaller than that of 
a semiconductor material forming the under growth layer 12. To meet such a 
requirement, for example, the under growth layer 12 may be made from AlGaN and 
the first conductive layer 14 may be made from GaN. 

FIGS. 5A and 5B are a sectional view and a perspective view, respectively, 
showing the step of forming an active layer and a second conductive type layer in the 
fabrication method according to the first embodiment. 

An active layer 15 and a second conductive type layer 16 are stacked in this 
order on the first conductive type layer 14. 

The active layer 1 5 functions as a light emission layer of a semiconductor light 
emitting device, and is configured as an InGaN layer or as an InGaN sandwiched 
between AlGaN layers. The active layer 15 extends along the facet composed of the 
tilt planes of the first conductive type layer 14. The thickness of the active layer 15 is 
set to a value that is suitable for light emission. The active layer 1 5 may be configured 
as a single bulk active layer but may be configured as a layer having a quantum well 
structure such as a single quantum well (SQW) structure, a double quantum well 
(DQ W) structure, or a multiple quantum well (MQW) structure. If the active layer 1 5 
is configured as a layer having the multiple quantum well structure, a barrier layer may 
be used for separating quantum wells from each other as needed. 

The second conductive type layer 16 is made from a wurtzite type compound 
semiconductor such as GaN doped with magnesium. The second conductive type 
layer 16 functions as a p-type cladding layer. The second conductive type layer 16 
also extends along the facet composed of the tilt planes of the first conductive type 
layer 14. The tilt plane of the hexagonal pyramid shape formed by selective growth 
may be selected from an S-plane, a (1 1-22) plane, and planes substantially equivalent 
thereto. 

FIGS. 6 A and 6B are a sectional view and a perspective view, respectively, 
showing the step of forming a p-side electrode in the fabrication method according to 
the first embodiment. 
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A p-side electrode 17 is formed on the surface of the second conductive type 
layer 16, which is the outermost layer of the hexagonal pyramid shaped stacked 
structure composed of the first conductive type layer 14, the active layer 15, and the 
second conductive type layer 16. For example, the p-side electrode 17 has a stacked 
5 metal structure of Ni/Pt/Au or Pd/Pt/Au formed by a vapor-deposition process. It is to 
be noted that an n-side electrode is formed on the back surface of the hexagonal 
pyramid shaped stacked structure and, therefore, it is not formed in this step. 

FIGS. 7 A and 7B are a sectional view and a perspective view, showing the step 
of peeling the growth substrate 1 1 and the under growth layer 12 from the hexagonal 

10 pyramid shaped stacked structures by irradiating the hexagonal pyramid shaped 
stacked structures with laser beams traveling from the back side of the growth 
substrate in the fabrication method according to the first embodiment, respectively. 

Laser beams such as excimer laser beams as ultraviolet laser beams or YAG 
laser beams may be emitted to the overall back surface of the growth substrate or 

15 regions, corresponding to target semiconductor light emitting devices, of the back 
surface of the growth substrate 1 1 . 

Since the band gap energy of the first conductive layer 14 is, as described 
above, smaller than that of the under growth layer 1 2, if laser beams having an energy 
value between these band gap energies is used as the laser beams emitted to the back 

20 side of the growth substrate 1 1 , the laser beams are not absorbed by the under growth 
layer 12 but are absorbed by the first conductive type layer 14. Accordingly, since a 
first conductive type layer 14 side interface between the under growth layer 12 and the 
first conductive type layer 14 absorbs the laser beams, abrasion occurs at the first 
conductive type layer 14 side interface, with a result that the growth substrate 11 is 

25 peeled, together with the under growth layer 12, from the hexagonal pyramid shaped 
stacked structures. 

In the case where the under growth layer 12 is made from AlGan (Al content: 
about 15%) and the first conductive type layer 14 (doped with silicon) is made from 
GaN having band gap energy smaller than that of AlGaN, if third harmonic YAG laser 
30 beams (355 nm) are emitted to the back side of the growth substrate 11, the first 
conductive type layer 14 side interface between the under growth layer 12 and the first 
conductive type layer 14 absorbs the YAG laser beams, so that GaN is decomposed 
into gallium (Ga) and nitrogen at the first conductive type layer 14 side interface, with 
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the result that the growth substrate 1 1 and the under growth layer 12 are easily peeled 
from the hexagonal pyramid shaped stacked structures. 

The band gap energy of AlGaN (Al content: about 15%) forming the under 
growth layer 12 is 3.8 eV, the band gap energy of GaN forming the first conductive 
type layer 14 is 3.2 eV, and the energy of the third harmonic YAG laser beams (355 
run) is 3.5 eV. Accordingly, the YAG laser beams are not absorbed by the under 
growth layer 12 but absorbed by the first conductive type layer 14, with a result that 
abrasion occurs at the first conductive layer 14 side interface. 

As described above, when the hexagonal pyramid shaped stacked structure 
including the first conductive layer 14 made from a semiconductor material having 
band gap energy smaller than that of the under growth layer 12 is irradiated with laser 
beams having an energy value between the band gap energies of the two layers 12 and 
14, the laser beams are not absorbed by the under growth layer 12 but absorbed by the 
first conductive type layer 14. Accordingly, the first conductive type layer 14 side 
interface between the under growth layer 12 and the first conductive type layer 14 
absorbs the laser beams, and thereby abrasion occurs at the first conductive type layer 
1 4 side interface, with a result that the growth substrate 1 1 and the under growth layer 
12 are easily peeled from the hexagonal pyramid shaped stacked structure. 

Each of the hexagonal pyramid shaped stacked structures, which is composed 
of the first conductive layer 14, the active layer 15, and the second conductive layer 16 
formed by selective growth, is bonded to the growth substrate 1 1 via the under growth 
layer 12. However, these hexagonal pyramid shaped stacked structures are separated 
from each other. Accordingly, when peeled from the growth substrate 11 and the 
under growth layer 12, the hexagonal pyramid shaped stacked structures are 
simultaneously isolated from each other. 

As a result, a number of hexagonal pyramid shaped stacked structures 
corresponding to individual semiconductor light emitting devices can be efficiently 
peeled from the growth substrate 1 1 and the under growth layer 1 2 and simultaneously 
isolated from each other. 

FIGS. 8A and 8B are a sectional view and a perspective view, respectively, 
showing the step of an n-side electrode in the fabrication method according to the first 
embodiment. 
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The back surface of each hexagonal pyramid shaped stacked structure 
(corresponding to a semiconductor light emitting device) is etched with acid or the 
like, and an n-side electrode 1 8 typically having a Ti/Al/Pt/Au electrode structure is 
formed thereon by the vapor-deposition process or the like. 
5 The method according to the first embodiment described above has the 

following advantages. 

Since the band gap energy of the first conductive type layer 14 is smaller than 
that of the under growth layer 12, when the laser beams having an energy between the 
band gap energies of the layers 12 and 14 are emitted to the back side of the growth 

10 substrate 11, the laser beams are not absorbed by the under growth layer 12 but 
absorbed by the first conductive layer 14. Accordingly, the first conductive type layer 
14 side interface between the under growth layer 12 and the first conductive type layer 
14 absorbs the laser beams, and thereby abrasion occurs at the first conductive type 
layer 14 side interface. As a result, the growth substrate 11 can be simply peeled, 

15 together with the under growth layer 12, from the hexagonal pyramid shaped stacked 
structure, and the n-side electrode 18 can be efficiently formed on the exposed back 
surface of the first conductive type layer 14 of the peeled hexagonal pyramid shaped 
stacked structure. 

Each of the hexagonal pyramid shaped stacked structures, which is composed 
20 of the first conductive layer 14, the active layer 15, and the second conductive layer 16 
formed by selective growth, is bonded to the growth substrate 1 1 via the under growth 
layer 12. However, these hexagonal pyramid shaped stacked structures are separated 
from each other. Accordingly, when peeled from the growth substrate 11 and the 
under growth layer 12, the hexagonal pyramid shaped stacked structures are 
25 simultaneously isolated from each other. 

As a result, according to the first embodiment, a number of hexagonal pyramid 
shaped stacked structures corresponding to individual semiconductor light emitting 
devices can be efficiently peeled from the growth substrate 1 1 and the under growth 
layer 12 and simultaneously isolated from each other. 
30 Second Embodiment 

A second embodiment will be described with reference to FIGS. 9A to 15B. In 
this embodiment, the present invention is applied to a method of fabricating a 
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semiconductor light emitting device of a triangular prism shape having an 
approximately triangular cross-section by selective crystal growth. 

FIGS. 9 A and 9B are a sectional view and a perspective view, respectively, 
showing a step of forming an under growth layer and an anti-growth film in the 
5 fabrication method according to the second embodiment. 

Like the first embodiment, an under growth layer 32 is formed on a growth 
substrate 31, and an anti-growth film 33 is formed on the under growth layer 32. 
While not shown in FIGS. 9A and 9B, a specific buffer layer may be formed on the 
bottom side of the under growth layer 32. 

10 Any substrate may be used as the growth substrate 3 1 insofar as a wurtzite type 

compound semiconductor layer is formable thereon. Like the first embodiment, since 
stacked structures formed on the growth substrate 3 1 via the under growth layer 32 are 
to be irradiated with laser beams traveling from the back side of the growth substrate 
31 at the time of peeling the growth substrate 31 and the under growth layer 32 from 

15 the stacked structures in the subsequent step, the growth substrate 31 is preferably 
configured as a light permeable substrate such as a sapphire substrate. 

The under growth layer 32 may be made from a wurtzite type compound 
semiconductor such as a gallium nitride (GaN). This is because a wurtzite type 
compound semiconductor layer having a hexagonal pyramid structure is to be formed 

20 on the under growth layer 32 in the subsequent step. The under growth layer 32 may 
be grown by the metal organic chemical vapor deposition (MOCVD) (which is also 
called the metal organic vapor phase epitaxial growth (MOVPE) process). An 
impurity such as silicon is generally doped in the under growth layer 32 because the 
under growth layer 32 functions as a conductive layer on which an n-side electrode is 

25 to be formed. According to the second embodiment, however, it is not required to 
dope any impurity in the under growth layer 32. The reason for this is that as will be 
described later, at the time of peeling the growth substrate 3 1 from stacked structures 
by abrasion caused by irradiating the stacked structures with laser beams traveling 
from the back side of the growth substrate 31, the under growth layer 32 is to be 

30 peeled together with the growth substrate 3 1 . 

The anti-growth film 33 made from silicon oxide or silicon nitride is formed as 
a mask layer by the sputtering process or the like. 
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FIGS. 10A and 10B are a sectional view and a perspective view, respectively, 
showing the step of forming stripe shaped opening portions in the fabrication method 
according to the second embodiment. 

Opening portions 33a are formed in the anti-growth film 33. In general, each 
5 of the opening portions 33a is formed into a stripe shape, a circular shape, or the like, 
allowing a facet structure having a tilt plane tilted from the principal plane of the 
growth substrate 31 to be formed by selective growth from the opening portion 33a. 

In particular, according to the second embodiment, to form a triangular prism 
shaped stacked structure having an approximately triangular cross-section composed 
10 of a first conductive type layer, an active layer, and a second conductive type layer by 
selective growth from the opening portion 33a, the opening portion 33a is formed into 
a stripe shape. 

The shape of the opening portion 33a, however, is not limited to a stripe shape 
but may be any other shape insofar as the shape of the opening portion 13a allows a 
15 triangular prism shaped stacked structure having an approximately triangular cross- 
section composed of a first conductive type layer, an active layer, and a second 
conductive type layer to be formed by selective growth from the opening portion 33a. 

FIGS. 1 1 A and 1 IB are a sectional view and a perspective view, respectively, 
showing the step of forming a first conductive type layer in the fabrication method 
20 according to the second embodiment. 

A first conductive layer 34 is formed into a shape depending on the shape of 
the opening portion 33a by selective growth from the opening portion 33a. According 
to the second embodiment, since the opening portion 33a has a stripe shape, the first 
conductive type layer 34 of a triangular prism shaped stacked structure having an 
25 approximately triangular cross-section, which has a facet structure having tilted planes 
from the growth substrate 31, is formed by selective growth from the opening portion 
33a. 

The first conductive type layer 34 is made from a wurtzite type compound 
semiconductor such as GaN doped with silicon. The first conductive type layer 34 
30 functions as an n-type cladding layer. According to the second embodiment, band gap 
energy of a semiconductor material forming the first conductive type layer 34 is 
required to be smaller than that of a semiconductor material forming the under growth 
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layer 32. To meet such a requirement, for example, the under growth layer 32 may be 
made from AlGaN and the first conductive layer 34 may be made from GaN. 

FIGS. 12A and 12B are a sectional view and a perspective view, respectively, 
showing an active layer and a second conductive type layer in the fabrication method 
5 according to the second embodiment. 

Like the first embodiment, an active layer 35 and a second conductive type 
layer 36 are sequentially stacked on the first conductive type layer 34 of a triangular 
prism shaped structure having an approximately triangular cross-section. 

The active layer 35 functions as a light emission layer of a semiconductor light 

10 emitting device, and is configured as an InGaN layer or as an InGaN sandwiched 
between AlGaN layers. The active layer 35 may be configured as a single bulk active 
layer but may be configured as a layer having a quantum well structure such as a 
single quantum well (SQW) structure, a double quantum well (DQW) structure, or a 
multiple quantum well (MQW) structure. If the active layer 35 is configured as a layer 

1 5 having the multiple quantum well structure, a barrier layer may be used for separating 
quantum wells from each other as needed. 

The second conductive type layer 36 is made from a wurtzite type compound 
semiconductor such as GaN doped with magnesium. The second conductive type 
layer 36 functions as a p-type cladding layer. 

20 FIGS. 13A and 13B are a sectional view and a perspective view, respectively, 

showing the step of forming a p-side electrode in the fabrication method according to 
the second embodiment. 

A p-side electrode 37 is formed on the surface of the second conductive type 
layer 36, which is the outermost layer of the triangular prism shaped stacked structure 

25 composed of the first conductive type layer 34, the active layer 35, and the second 
conductive type layer 36. For example, the p-side electrode 37 has a stacked metal 
structure of Ni/Pt/Au or Pd/Pt/Au formed by the vapor-deposition process. It is to be 
noted that an n-side electrode is formed on the back surface of the triangular prism 
shaped stacked structure and, therefore, it is not formed in this step. 

30 FIGS. 14A and 14B are a sectional view and a perspective view, respectively, 

showing the step of peeling the growth substrate and the under growth layer from the 
triangular prism shaped stacked structures by irradiating the triangular prism shaped 
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stacked structures with laser beams traveling from the back side of the growth 
substrate in the fabrication method according to the second embodiment. 

To peel the growth substrate 31 and the under growth layer 32 from the 
triangular prism shaped stacked structures, laser beams such as excimer laser beams as 
ultraviolet laser beams or higher harmonic YAG laser beams are emitted to the back 
side of the growth substrate 31. The laser beams may be emitted to the overall back 
surface of the growth substrate 31 or be selectively emitted to regions, corresponding 
to target semiconductor light emitting devices, of the back surface of the growth 
substrate 31. 

Since the band gap energy of the first conductive layer 34 is, as described 
above, smaller than that of the under growth layer 32, if laser beams having an energy 
value between these band gap energies is used as the laser beams emitted to the back 
side of the growth substrate 3 1 , the laser beams are not absorbed by the under growth 
layer 32 but are absorbed by the first conductive type layer 34. Accordingly, since a 
first conductive type layer 34 side interface between the under growth layer 32 and the 
first conductive type layer 34 absorbs the laser beams, abrasion occurs at the first 
conductive type layer 34 side interface, with a result that the growth substrate 31 is 
peeled, together with the under growth layer 32, from the triangular prism shaped 
stacked structures. 

In the case where the under growth layer 32 is made from AlGan (Al content: 
about 15%) and the first conductive type layer 34 is made from GaN having band gap 
energy smaller than that of AlGaN, if third harmonic YAG laser beams (355 nm) are 
emitted to the back side of the growth substrate 3 1 , the first conductive type layer 34 
side interface between the under growth layer 32 and the first conductive type layer 34 
absorbs the YAG laser beams, so that GaN is decomposed into gallium (Ga) and 
nitrogen at the first conductive type layer 34 side interface, with the result that the 
growth substrate 3 1 and the under growth layer 32 are easily peeled from the triangular 
prism shaped stacked structures. 

The band gap energy of AlGaN (Al content: about 15%) forming the under 
growth layer 32 is 3.8 eV, the band gap energy of GaN forming the first conductive 
type layer 34 is 3.2 eV, and the energy of the third harmonic YAG laser beams (355 
nm) is 3.5 eV. Accordingly, the YAG laser beams are not absorbed by the under 
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growth layer 32 but absorbed by the first conductive type layer 34, with a result that 
abrasion occurs at the first conductive layer 34 side interface. 

As described above, when the triangular prism shaped stacked structure 
including the first conductive layer 34 made from a semiconductor material having 
5 band gap energy smaller than that of the under growth layer 32 is irradiated with laser 
beams having an energy value between the band gap energies of the two layers 32 and 
34, the laser beams are not absorbed by the under growth layer 32 but absorbed by the 
first conductive type layer 34. Accordingly, the first conductive type layer 34 side 
interface between the under growth layer 32 and the first conductive type layer 34 
10 absorbs the laser beams, and thereby abrasion occurs at the first conductive type layer 
34 side interface, with a result that the growth substrate 3 1 and the under growth layer 
32 are easily peeled from the triangular prism shaped stacked structure. 

Each of the triangular prism shaped stacked structures, which is composed of 
the first conductive layer 34, the active layer 35, and the second conductive layer 36 
1 5 formed by selective growth, is bonded to the growth substrate 3 1 via the under growth 
layer 32. However, these triangular prism shaped stacked structures are separated 
from each other. Accordingly, when peeled from the growth substrate 31 and the 
under growth layer 32, the triangular prism shaped stacked structures are 
simultaneously isolated from each other. 
20 As a result, a number of triangular prism shaped stacked structures, each 

containing a number of semiconductor light emitting devices, can be efficiently peeled 
from the growth substrate 31 and the under growth layer 32 and simultaneously 
isolated from each other. 

FIGS. 15A and 15B are a sectional view and a perspective view, respectively, 
25 showing the step of forming an n-side electrode in the fabrication method according to 
the second embodiment. 

The back surface of each triangular prism shaped stacked structure containing a 
number of a semiconductor light emitting devices is etched with acid or the like, and 
an n-side electrode 38 typically having a Ti/Al/Pt/Au electrode structure is formed 
30 thereon by the vapor-deposition process or the like. 

After being peeled from the growth substrate 3 1 and the under growth layer 32, 
each triangular prism shaped stacked structure having an approximately triangular 
cross-section, which is composed of the first conductive type layer 34, the active layer 
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35, and the second conductive type layer 36, is cut in the direction perpendicular to the 
ridge line of the stacked structure into a number of semiconductor light emitting 
devices by dicing or etching. 

In this case, a cleavage plane functioning as a resonance end plane of a 
5 semiconductor laser can be formed by cleavage described below. 

By making use of the above-described peeling and isolating method for a 
semiconductor light emitting device using laser irradiation, as shown in FIGS. 16A 
and 16B, it is possible to peel a desired semiconductor light emitting device of the 
triangular prism shaped stacked structure from the growth substrate 3 1 and the under 
10 growth layer 32 by irradiating the device portion with laser beams from the back side 
of the growth substrate 3 1 and simultaneously form a cleavage plane functioning as a 
resonance end plane of a semiconductor laser on an end plane of the device. 

FIG. 16A is a perspective view showing the step of peeling the desired two 
devices contained in the two triangular prism shaped stacked structures adjacent to 
15 each other from the growth substrate 31 and the under growth layer 32, and FIG. 16B 
is a bottom view showing a laser beam irradiation region irradiated with laser beams to 
peel the desired two devices from the growth substrate 3 1 and the under growth layer 
32. 

As shown in FIG. 16B, a laser beam irradiation region 40 in which desired 
20 devices 41a and 41b are located is irradiated with laser beams traveling from the back 
side of the growth substrate 31. At this time, the devices 41a and 41b located in the 
laser beam irradiation region 40 are irradiated with the laser beams, and thereby peeled 
from the growth substrate 31 and the under growth layer 32 due to abrasion described 
above. On the other hand, device portions adjacent to each of the devices 41a and 41b, 
25 which are located out of the laser beam irradiation region 40, of the triangular prism 
shaped stacked structure are not irradiated with the laser beams and thereby are not 
peeled from the growth substrate 31 and the under growth layer 32. Accordingly, the 
interface plane between each of the devices 41a and 41b and the device adjacent 
thereto is cleaved in the direction perpendicular to a ridge line 39 of the triangular 
30 prism shaped stacked structure composed of the first conductive type layer 34, the 
active layer 35, and the second conductive type layer 36, to form a pair of cleavage 
planes functioning as resonance end planes of a semiconductor laser on the end planes 
of each of the devices 41a and 41b as shown in FIG. 16 A. 
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In this way, by irradiating the desired devices 41a and 41b with laser beams, it 
is possible to efficiently peel the devices 41a and 41b from the growth substrate 31 and 
the under growth layer 32 and simultaneously form a pair of cleavage planes 
functioning as resonance end planes on the end planes of each of the devices 41a and 
41b. 

The method according to the second embodiment described above has the 
following advantages. 

Since the band gap energy of the first conductive type layer 34 is smaller than 
that of the under growth layer 32, when the laser beams having an energy between the 
band gap energies of the layers 32 and 34 are emitted to the back side of the growth 
substrate 31, the laser beams are not absorbed by the under growth layer 32, but by the 
first conductive layer 34. Accordingly, the first conductive type layer 34 side interface 
between the under growth layer 32 and the first conductive type layer 34 absorbs the 
laser beams, whereby abrasion occurs at the first conductive type layer 34 side 
interface. As a result, the growth substrate 3 1 can be simply peeled, together with the 
under growth layer 32, from the triangular prism shaped stacked structure, and the n- 
side electrode 38 can be efficiently formed on the exposed back surface of the first 
conductive type layer 34 of the peeled hexagonal pyramid shaped stacked structure. 

Each of the triangular prism shaped stacked structures, which is composed of 
the first conductive layer 34, the active layer 35, and the second conductive layer 36 
formed by selective growth, is bonded to the growth substrate 3 1 via the under growth 
layer 32. However, these hexagonal pyramid shaped stacked structures are separated 
from each other. Accordingly, when peeled from the growth substrate 31 and the 
under growth layer 32, the triangular prism shaped stacked structures are 
simultaneously isolated from each other. 

As a result, according to the second embodiment, a number of triangular prism 
shaped stacked structures, each containing a number of semiconductor light emitting 
devices, can be efficiently peeled from the growth substrate 3 1 and the under growth 
layer 32 and simultaneously isolated from each other. 

Further, by selectively irradiating a desired device portion of the triangular 
prism shaped stacked structure composed of the first conductive type layer 34, the 
active layer 35, and the second conductive type layer 36, it is possible to peel the 
device from the growth substrate 3 1 and the under growth layer 32 and simultaneously 
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form a pair of cleavage planes functioning as resonance end planes of a semiconductor 
laser on the end planes of the device. 

Although the present invention has been described with reference to specific 
embodiments, those of skill in the art will recognize that changes may be made thereto 
without departing from the spirit and scope of the present invention as set forth in the 
hereafter appended claims. 
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